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TRANSITION METAL COMPOUNDS THEIR PREPARATION AND THEIR USE IN CATALYST SYSTEMS 
FOR THE POLYMERIZATION AND CO POLYMERIZATION OF OLEFINS 

The present invention relates to a process for preparing transition metal compounds, in particular 
5 ansa-bisjndenyl-metallocenes having a specific substitution pattern, the corresponding transition 
metal compounds themselves and their use in the preparation of catalyst systems and also the 
use of the catalyst systems in the polymerization and copolymerization of olefins. 



Metallocenes can. if appropriate in combination with one or more cocatalysts. be used as catalyst 
10 components for the polymerization and copolymerization of olefins. In particular, halogen- 
containing metallocenes are used as catalyst precursors and are converted, for example, by an 
aluminoxane into a polymerization-active cationic metallocene complex (EP-A-129368). 

The preparation of metallocenes and ansa-metailocenes is known per se (US 4,752.597; US 
15 5.017.714; EP.A-320762; EP.A-416815; EP-A-537686; EP-A-669340; H.H. Brintzinger et al.; 
Angew. Chem., 107 (1995), 1255; H.H. Brintzinger et al.. J. Organomet Chem. 232 (1982). 233). 
For this purpose, it is possible, for example, to react cyclopentadienyl-metal compounds with hal- 
ides of transition metals such as titanium, zirconium and hafnium. 

20 EP-A-O 576 970 describes Cz-symmetric metallocenes having aryl-substituted indenyl derivatives 
as ligands, the process for preparing them and their use as catalysts. According to this patent 
application, the metallocene catalysts are formed via a 2-alkyl-4-aryl-1-indanone as intermediate. 
2.3-Dialkyl-4-aryl-1-indenes cannot be prepared directly from these indanones. 

25 EP-A-O 629 631 describes C2-symmetric ansa-bisindenyl-metallocenes substituted with alkyi 
groups in the positions 4 and 7 of the indenyl ligands and further optionally substituted in the po- 
sitions 2 and 3 of the Indenyl ligand. The catalyst systems obtained therefrom produce polypro- 
pylene with a reduced melting point. 

30 EP-A-O 659 757 describes Crsymmetric metallocenes based on substituted indenyl ligands. The 
indenyl ligands mentioned there are not substituted in position 3 of the indenyl group. 

WO 01/48034 describes ansa-bisindenyl-metallocenes having a combination of different substitu- 
ents in positions 2 and 4 of the indenyl ligands. The catalyst systems obtained therefrom enable 
35 both propylene-ethylene copolymers as aibber phase with a sufficient molar mass and also pro- 
pylene homopolymers having a sufficiently high melting point for satisfactory stiffness of the ma- 
trix to be produced. 

Variation of the substitution pattern on the ligand systems of ansa-metallocenes changes the 
40 steric environment around the active center and also its electronic structure. This makes it possi- 
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ble to influence, for example, the polymerization behavior of the catalyst constituents and also the 
final properties of the polymers such as isotacticity. chain length or molar mass as well as the 
macroscopic material properties of these polymers. 

5 However, particularly in the case of the copolymerization of ethylene/propylene, the catalyst sys- 
tems of the prior art usually give copolymers having molar masses which are still too low and/or 
an ethylene content which is still too low. There is therefore a need for suitable catalyst systems 
which make possible particularly high contents of copolymerized ethylene in the copolymerization 
of ethylene/propylene combined with high isotacticity of the polypropylene part. There is also a 

10 need for catalyst systems which make possible a high molar mass and a high copolymerized eth- 
ylene content without deterioration of the molar mass of the copolymer and also an increase in the 
molar mass of the resulting copolymer compared to the molar mass of the homopolymer. Fur- 
thermore, there is a continuing need for simple and highly effective processes for the synthesis of 
multiply substituted indenyl ligand systems for use in polymerization-active metallocene com- 

15 pounds. 

It is an object of the present invention to provide novel Ci- and Ca-symmetric metallocenes as 
catalysts or catalyst constituents for olefin polymerization which avoid the disadvantages of the 
prior art and make it possible for the polymerization behavior and the polymer properties to be 
20 controlled in a targeted manner. 

We have found that this object is achieved by the transition metal compounds as set forth in claim 
1, a process for preparing these transition metal compounds as set forth in the independent proc- 
ess claim and their use as catalyst constituent in the (co)polymerization of olefins as set forth in 
25 the independent use claim. 

Preferred embodiments are given by combining the features of the independent claims with the 
features of the respective dependent claims. 

30 Transition metal compound: 

It has surprisingly been found that metallocenes having a particular substitution pattern in the 2. 3 
and 4 positions of at least one indenyl radical or the sterically corresponding positions of a cyclo- 
pentadienyl derivative achieve the abovementioned objects particularly well. 

35 

In a first aspect, the present invention accordingly provides transition metal compounds of the 
formula (I) 




40 



f 
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5 

is a divalent group such as 



10 






15 and 

is titanium, zirconium or hafnium, preferably zirconium; 
r\r^ are identical or different and are each a C1-C20 group such as linear or branched Ci-Cib- 
alkyl, C2-Ci(ralkenyl or Ca-Cis-alkylalkenyl; Ce-Cao-aryl, C4-CiB-heteroaryl, C7-C20- 

20 arylalkyi; or fluorinated Ci-Cia-alkyI, C2-Cio-alkenyl. Ce-Cao-aryl or C7-C2orarylalkyI; 

R^'.R^' are identical or different, identical to or different from R^ or R^ and are each hydrogen or 
a C1-C20 group such as linear or branched Ci-Cis-alkyl. C2-Cio-alkenyl or C3-C15- 
alkylalkenyl; C6-C2o-aryl, C4-Cie-heteroaryl, Cr-Czo-arylalkyl; or fluorinated Ci-Ci2-alkyl, 
C2-Cio-alkeny!. C6-C2o-aryl or Cr-Czo-arylalkyl; 

25 R^ is a Ce-Cta-aryl group or C4-Ci8-heteroaryl; or a fluorinated C6-C2(raryl or C7-C20- 

alkylaryl, where the aryl part of these groups may bear one or more linear or branched 
Ci-CiB-alkyl, CrCie-alkoxy, C2-Cnralkenyl or Cg-Cis-alkylalkenyl groups as substituents, 
or r' together with R^ forms a monocyclic or polycyclic ring system which may in tum be 
substituted; 

30 R^' is hydrogen or a C1-C40 group such as a Cs-Cis-aryl group. C4-Ci8-heteroaryl. C7-C20- 
arylalkyi; or fluorinated C6-C2o-aryl or C7-C2o-arylalkyl, where the aryl part of these 
groups may bear one or more linear or branched Ci-Cie-alkyl, Ci-Cie-alkoxy. C2-C10- 
alkenyl or Ca-Cis-alkylalkenyl groups as substituents. or R^' together with R^* forms a 
monocyclic or polycyclic ring system which may in tum be substituted; 

35 R^.R^' are identical or different and are each hydrogen or a C1-C20 group such as linear or 
branched Ci-Ci8-alkyl. C2-Cicralkenyl or Ca-Cis-alkylalkenyl; CB-C2o-aryl, C4-C18- 
heteroaryl, C7-C2o-arylalkyl; or fluorinated Ci-Ci2-alkyl, C2-Cio-alkenyl, C6-C2o-aryl or C7- 
C2o-arylalkyl; 

R®,R**,R®,R®' are identical or different and are each hydrogen or a C1-C20 group such as linear or 
40 branched Ci-Ci8-alkyl, C2-Cio-alkenyl or Ca-Cis-alkylalkenyl; Ce-C2o-aryl, C4-C18- 
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heteroaryl, CT-Cao-arylalkyl; or fluorinated Ci-Ci2-alkyl, C2-Cio-alkenyl, Qe-Cao-aryl opCt- 

C2o-arylalkyl: 

is a bridging structural element between the two indeny! radicals and is selected from 
the M^R^°R^^ group, where is silicon, germanium, tin or carbon, preferably silicon, 
and R^° and R^^ may be identical or different and are each hydrogen or a C1-C20- 
hydrocarbon-containing group such as linear or branched Ci-Ci(ralkyl, Ce-Cu-aryl; triat- 
kylsilyl, in particular trimethylsilyt. triarylsilyl or an alkylarylsilyl group; 
may be identical or different and are each halogen, linear or branched Ci-C2o-alkyl, sub- 
stituted or unsubstituted phenoxide, or R^ and R° may be joined to one another and can 
fonn a monocyclic or polycyclic ring system which may in turn be substituted. 



Particular preference is given to compounds of the formula (I) in which 



15 




IS 



20 




25 and 




30 



IS 



35 




40 where the substituents R^ to R^ and R^ to R^ are as defined above. 
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Particular preference is also given to metallocenes of the fomnula (I) in which R^' is not hydrogen, 
is hydrogen and R^' is Cs-CTo-aryl. 

5 According to the present invention, the substituents are further defined as follows: 

The tenn "alkyi" as used in the present context encompasses linear and singly branched or multi- 
ply branched saturated hydrocarbons which may also be cyclic. Preference is given to a Ci-Cia- 
alkyI group such as methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n- 
10 decyl, cyclopentyl or cyclohexyl, isopropyl, isobutyl, isopentyl, isohexyl, sec-butyl or tert-butyl. 

The term "alkenyl" as used in the present context encompasses linear and singly branched or 
multiply branched hydrocarbons having at least one C-C double bond. In the event of a plurality of 
C-C double bonds being present, these may be cumulated or conjugated. 

15 

The term "alkylalkenyl" as used in the present context encompasses linear and singly branched or 
multiply branched hydrocarbons having at least one isolated C-C double bond, so that the sub- 
stituent has both alkyI and alkenyl parts. 

20 The term "aryl" as used in the present context denotes aromatic and fused polyaromatic hydro- 
carbon substituents which may be substituted by one or more linear or branched Ci-Ci8-alkyl, Ci- 
Ci8-alkoxy. C2-Cio-alkenyl or Ca-Cis-alkylalkenyl groups. Preferred examples of aryl substituents 
are. in particular, phenyl, 4-methylphenyl. 4-ethylphenyl, 4-propylphenyl. 4-isopropylphenyl, 4-tert- 
butylphenyl. 4-methoxyphenyl. 1-naphthyl, 9-anthracenyl, 3,5-dimethylphenyl, 3.5-di-tert- 

25 butylphenyl or 4-trifluoromethylphenyl. 

The term "heteroaryl" as used in the present context denotes aromatic hydrocarbon substituents 
in which one or more carbon atoms are replaced by nitrogen, phosphorus, oxygen or sulfur atoms 
or combinations thereof. These may, like the aryl radicals, be substituted by one or more linear or 
30 branched Ci-Cie-alkyI, Ca-Cio-aikenyl or Ca-Cis-alkylalkenyl groups. Preferred examples are pyri- 
dinyl, pyrazolyl, imidazolyl. oxazolyl, thiazolyl, pyrimidinyl, pyrazinyl and the like, and methyl-, 
ethyl-, propyl-, isopropyl- and tert-butyl-substituted derivatives thereof. 

The term "arylalkyl" as used in the present context denotes aryl-containing substituents whose 
35 aryl radical is bound to the indenyl radical via an alkyI chain. Preferred examples are benzyl, sub- 
stituted benzyl, phenethyl, substituted phenethyl and the like. 

The term "fluorinated" means that at least one, preferably more than one and at most all, hydro- 
gen atoms of a substituent are replaced by fluorine atoms. Examples of fluorinated substituents 

40 
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which are preferred for the purposes of the present invention are trifluoromethyl, 2,2,2- 
trifluoroethyl, pentafluorophenyl, 4-trifluoromethylphenyl, 4-perfluoro-tert-butylphenyl and the like. 

The term "bridging structural element" refers to a divalent group which joins the two indenyl radi- 
6 cais to one another via the positions 1 and V, Preferred examples are groups having the structure 
M^R^°R^\ where is silicon and and R^^ may be identical or different and are each a C1-C20- 
hydrocarbon-containing group such as Ci-Cio-alkyl, Ce-Cu-aryl. trialkylsilyl. in particular trimethyl- 
silyl, triarylsilyl or an alkylarylsilyl group. Groups which are particularly preferred as bridging 
structural element are Si(Me)2, Si{Ph)2. Si(Me)(Et). Si(Ph)(Me). Si(Ph)(Et), Si(Me)(SiMe3). Si(Et)2. 
10 where Ph is a substituted or unsubstituted phenyl, Me is methyl and Et is ethyl. 



A preferred embodiment of the present invention provides a transition metal compound of the 

formula (I) 

in which: 
15 is zirconium; 

r\r^ are identical or different and are each a Ci-Ci2-alkyl group, preferably methyl, ethyl, n- 
propyl, isopropyl. n-butyl. isobutyl, sec-butyl, tert-butyl. cyclopentyl or cyclohexyl, par- 
ticularly preferably methyl, ethyl or isopropyl; 

R^'.R^ are identical or different and are each hydrogen, methyl, ethyl, n-propyl. isopropyl. n- 
20 butyl, isobutyl. sec-butyl, tert-butyl, cyclopentyl or cyclohexyl, particularly preferably hy- 

drogen, methyl, ethyl or isopropyl. with R^' very particularly preferably being methyl, 
ethyl or isopropyl and R^ very particulariy preferably being hydrogen; 

R^R^' are identical or different and are each a Ce-Cie-aryl group which may be substituted or 
unsubstituted. in particular phenyl. 4-methylphenyl, 4-ethylphenyl. 4-propylphenyl, 4-iso- 
25 propylphenyl, 4-tert-butylphenyl. 4-methoxyphenyl. 1-naphthyl, 9-anthracenyl, 3.5- 

dimethylphenyl, 3,5-dl-tert-butylphenyl or 4-trifluoromethylphenyl, or two radicals R^ to- 
gether with R^ and/or R^* together with R*' may form a monocyclic or polycyclic ring 
system which may In tum be substituted, in particular a substituted or unsubstituted, 
preferably unsubstituted, 1,4-buta-1.3-dienylene group, and R^' may also be hydrogen; 
30 R^.R^' are identical or different and are either hydrogen or R^ together with R^ and/or R* to- 
gether with R^' may form a monocyclic or polycyclic ring system, with hydrogen being 
preferred; 

R^.R^.R®,R®' are identical or different and are each hydrogen, linear or branched Ci-Cia-alkyl. C2- 
Cio-alkenyl or Ca-Cis-alkylalkenyl; Ce-Czo-aryl. C4-CiB-heteroaryl. Cy-Czo-arylalkyl; or 
35 fluorinated Ci-Ci2-alkyl, C2-Cio-alkenyl. C6-C2o-alkyl or C7-C2o-arylalkyl, with hydrogen 

being particulariy preferred; 
R^ is a bridging structural element SiR^^R^^ and R^° and R^^ are identical or different and 
are each a Ci-C2o-hydrocarbon-containing group, with R^ particulariy preferably being 
Si(Me)2, Si(Ph)2, Si(Et)2. Si(Me)(Ph). Si(Me)(SiMe3); and 
40 R°.R° are each chlorine or methyl. 
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Very particular preference is given to bridged metallocene compounds of the fomnula (I) in which: 
is zirconium; 

r\R^ are identical or different and are each methyl, ethyl or isopropyl; 
5 R^'.R^ are identical or different and are each hydrogen, methyl, ethyl or isopropyl, with R^' pref- 
erably being hydrogen and R^' particularly preferably being methyl; 

R^.R^' are identical or different and are each a Ce-Cis-aryl group which may be substituted or 
unsubstituted. in particular phenyl. 4-methylphenyl, 4-ethylphenyl, 4-propylphenyl, 4-iso- 
propylphenyl, 4-tert-butylphenyl. 4-methoxyphenyl, 1-naphthyl, 9-anthracenyl, 3,5- 
10 dimethylphenyl, 3,5-di-tert-butylphenyl, 4-trifiuoromethyIphenyl, C4-Ci8-heteroaryl, Cy- 

C2o-arylalkyl, fluorinated Ce-Cia-ary! or fluorinated Cj-Cao-arylalkyl. or two radicals R^ to- 
gether with R^ and/or R^' together with R^' may form a monocyclic or polycyclic ring 
system which may in turn be substituted; 

R^R^' are identical or different and are either hydrogen or together with R^ and R^* form a 
15 monocyclic or polycyclic ring system, with hydrogen and the 4.5-benzindenyl skeleton 

formed from two radicals being particularly preferred; 

R^R^'.R^.R®' are identical or different and are each hydrogen or a C1-C20 group such as linear or 
branched Ci-Cis-alkyl, C2-Cio-alkenyl or Ca-Cis-alkylalkenyl; Ce-C^-aryl, C4-C18- 
heteroaryl. C7-C2o*arylalkyl; or fluorinated Ci-Ci2-alkyl, C2-Cio-alkenyl, Ce-Cao-aryl orCy- 
20 C2o-arylalkyl, with hydrogen being particularly preferred; 

R^ is a bridging structural element between the two indenyl radicals, with R^ particularly 
preferably being Si(Me)2. Si(Ph)2. Si(Et)2. Si{Me)(Ph), Si(Me)(SiMe3); and 

R°,R® are each chlorine or methyl. 

25 Nonlimiting examples of very particularly preferred transition metal compounds of the fonnula (I) 
are: 

dimethylsilanediyl(2.3-dimethyl-4-phenylindenyl)(2-methyl-4-phenytindenyl)zirconium dichloride; 
dlmethylsilanedlyl(2,3-dlmethyl-4-phenylindenyl)(2-methyl-4-(1-naphthyl)indenyl)zirconium dichlo- 
ride; 

30 dimethylsiIanediyl(2.3-dimethyl-4-phenylindenyl)(2-methyl-4-(4-tert-butylphenyl)indenyl)zirconium 
dichloride; 

dimethylsilanediyl(2,3-dimethyl-4-(1-naphthyl)indenyl)(2-methyl-4-(4*-tert-butylphenyl)indenyl)- 
zirconium dichloride; 

dimethylsilanediyl(2,3-dimethyl-4-(4'-tert-butylphenyl)indenyl){2-methyl-4-(4-tert-bu 
35 indenyOzirconium dichloride; 

dimethylsilanediyK2.3-dimethyl-4-{4'-tert-butylphenyl)indenyl)(2-methyM-<3\5'KJi4ert^^ 
phenyl)indenyl)zirconium dichloride; 

dimethylsilanediyl(2,3-dimethyl-4-(4-tert-butylphenyl)indenyl)(2-ethyl-4-(4'-tert-butyl- 
phenyl)indenyl)zirconium dichloride; 



40 
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dimethylsilanediyl(2,3<limethyl-4-(4'4ert-butylphenyl)indenyl)(2-[sopropyl^^^ 
indenyOzirconium dichloride; 

dimethylsilanediyl(2-methyl-3-ethyl-4-(4-tert-butylphenyl)indenyl)(2-methyW-^^ 
indenyl)zirconium dichloride; 
5 dimethylsilanediyl(2-methyl-3-ethyW-(4'-tert-butylphenyl)indenyl)(2-ethyl-4^^^ 
indenyl)zirconium dichloride; 

dimethylsilanediyl(2-rnethyl-3-ethyl-4-(4-tert-butylphenyl)indenyl)(2-isopropyl-4-(4*-te 
phenyl)indenyl)zirconium dichloride; 

dimethylsllar)ediyl(2-ethyl-3-methyl-4-(4'-tert-butylphenyl)indenyl)(2-methyl-4 
10 indenyOzirconium dichloride; 

dimethylsilanediyl(2-ethyl-3-methyM-(4"4ert-butylphenyl)indenyl)(2-ethyl-4-(4*-tert^^ 
indenyOzirconium dichloride; 

dimethylsilanediyl(2-isopropyl-3-methyl-4-(4-tert-butylphenyl)indenyl)(2-methyM-{4-tert^^ 
phenyl)indenyl)zirconium dichloride; 
15 dimethylsilanediyl{2-isopropyl-3-methyl-4-{4*4ert-butylphenyOindenyl)(2-ethyl-4-(4'-tert^^ 
phenyl)indenyl)zirconium dichloride. 

The present invention further provides a ligand system of the fomnula (II) or its double bond iso- 
mers, 




where the variables are as defined for fonnula (I), including the preferred embodiments. 

Compared to most known symmetrically or unsymmetrically substituted metallocenes, the novel 
35 metallocenes of the formula (I) give very high molecular weight copolymers in the copolymeriza- 
tion of propylene with other olefins, in particular ethylene. In addition, the copolymers have a mo- 
lar mass similar to the homopolymer. Particular mention should be made of a high ethylene con- 
tent in the copolymer and a high polymerization activity in polymerizations carried out under het- 
erogeneous conditions. 



40 
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Instead of the pure chiral bridged racemic or pseudo-racemic metallocene compounds of the for- 
mula (I) it is also possible to use mixtures of the metallocenes of the formula (I) and the corre- 
sponding meso or pseudo-meso metallocenes for preparing the catalyst. 



Illustrative but nonrestrictive examples of the metallocenes of the present invention are: 

dimethylsilanediyllndenyl-L-zirconium dichloride 

20 dimethylsilanediyM,5-benzindenyl-L-zirconium dichloride 
dimethylsilanediyl-4-phenylindenyl-L-zirconium dichloride 
dimethylsilanediyl-4-(4'-tert-butylphenyl)indenyl-L-zirconium dichloride 
dimethylsilanediyl-4-(1 '-naphthyl)indenyl-L-zirconium dichloride 
dimethylsilanediyl-4-(3\5*-di-tert-butylphenyl)indenyl-L-zlrconium dichloride 

25 dimethylsilanediyl(2-methylindenyl)-L-zirconium dichloride 

dimethylsilanediyl(2-methyl-4,5-benzindenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-methyM-phenylindenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-methyl-4-(4'-tert*butylphenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-methyl-4-(1 -naphthyl)indenyl)-L-zirconium dichloride 

30 dimethylsilanediyl(2-methyl-4-(3\5*-di4ert-butylphenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-ethyIlndenyl)*L-zirconium dichloride 
dimethylsilanedlyl(2-ethyl-4-phenylindenyl)*L-zirconium dichloride 
dimethylsitanediyl(2-ethyl-4-(4'-tert-butylphenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-ethyt-4-(1'-naphthyl)indenyl)*L-zirconium dichloride 

35 dimethylsilanedlyl(2-ethyl-4-(3'.5*-di-tert-butylphenyl)indenyl)-L-zirconlum dichloride 
dimethylsilanediyl(2-ethyM-(4'-trifIuoromethylphenyl)lndenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-propyl-4-phenylindenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-propyl-4-(r-naphthyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-propyl-4-(3'.5'-di-tert-butylphenyl)indenyl)-L-zirconium dichloride 

40 dimethylsilanediyl(2-isopropylindenyl)-L-zirconium dichloride 




rac or pseudo-rac 



meso or pseudo-meso 
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dimethylsilanediyl(2-isopropyM-phenylindenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-isopropyl-4-{4'.tert-butylphenyl)indenyl)-L-zirc^ dichloride 
dimethylsilanediyl{2-isopropyl-4-(r-naphthyI)indenyl)-L-zirconium dichloride 
dimethylsilanediyl{2HSopropyl-4.(3\5'<li-tert-butylphenyl)indenyl)-L-zirconium dichloride 
5 dimethylsi!anediy!(2-isopropyl-4-(4'-trifluoromethylphenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-isobutyl-4-phenylindenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-isobutyM-(4'4ert-butylphenyl)indenyl)-L-2lrconium dichloride 
dimethylsilanediyl{2-isobutyM-(r-naphthyl)indenyl)-L-2irconium dichloride 
dimethylsllanediyl(2-isobutyl-4-(3\5'KJi4ert-butylphenyl)indenyl)-L-2irconium dichloride 
1 0 dimethylsilanediyl(2-butyl-4-phenylindenyl)-L-zirconium dichloride 

dimethylsilanediyl(2-butyl-4-(4'-tert-butylphenyl)indenyl)-L-zirconium dichloride 
dimethylsllanediyl(2-butyl-4-(3\5'<li4ert-butylphenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyi (2-cyclopentyl-4-(4'-tert-butylphenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-cyclopentyl-4-(3\5*<li-tert-butylphenyl)indenyl)-L-zir^ dichloride 
15 dimethylsilanediyl(2-cyclohexyl-4-(4'-tert-butylphenyl)indenyl)-L-zirconiumdichIo^^^^ 

dimethylsilanediyl(2-<:yclohexyl-4-(3\5'<li-tert-butylphenyl)indenyl)-L-zlK^ dichloride 
dimethylsiIanediyl(3-methylindenyl)-L-zirconium dichloride 
dimethylsilanediyl(3-methyM-phenylindenyl)-L-zirconium dichloride 
dimethylsilanediyl(3-methyl-4-(4'4ert-butylphenyl)indenyl)-L-zirconium dichloride 
20 dimethylsHanediyl(3-methyl-4-(3\5'-di-tert-butylphenyl)indenyl)-L-zirconiu 
dimethylsilanediyl(2.3-dlmethyHndenyl)-L-zirconium dichloride 
dimethylsilanediyl(2.3-dimethyl-4.5-benzindenyl)-L-zirconium dichloride 
dimethylsilanediyl(2,3-dimethyI-4-phenylindenyl)-L-zirconium dichloride 
dimethylsi!anediyl(2.3-dimethyl-4-{4*4ert-butylphenyl)indenyl)-L-zirconiurn dichloride 
25 dimethylsilanediyl(2,3-dimethyM-(1 '-naphthyOindenyl^L-zirconium dichloride 

dimethylsilanediyl(2,3<limethyl-4-(3\5*-di-tert-butylphenyl)indenyl)-L-zir^^ dichloride 
dimethylsilanediyl(2,3-dimethyl-4-(4'4rifluoromethylphenyl)indenyl)-L-zirco dichloride 
dimethylsilanediyl(2-methyl-3-ethyI-4-phenylindenyl)-L-zlrconlum dichloride 
dimethylsilanediyl(2-memyl-3-ethyM-(4'4ert-butylphenyl)indenyl)-L-zirconium dichloride 
30 dimethylsilanediyl(2-methyl-3-ethyl-4-(4*.methoxyphenyl)indenyl)-L-2irconiumdichlor^^ 
dimethylsilanediyl(2-methyl-3-ethyl-4-(r-naphthyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-methyl-3-ethyl-4-(9-anthracenyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-memyl-3-ethyl-4-(3\5'-<Ji-tert-butylphenyl)indenylK-zir^ dichloride 
dimethylsiianediyl(2-ethyl-3-methyM-phenylindenyl)-L-zirconium dichloride 
35 dimethylsilanediyl(2-ethyl-3-methyl-4-(4'-tert-butylphenyl)indenyl)-L-zirconium 

dimethylsilanediyl(2-ethyl-3-methyl-4-(3\5*-di-tert-butylphenyl)indenyl)-L-zir^ dichloride 
dimethylsilanediyl(2-isopropyl-3-methyM-phenylindenyl)-L-zirconium dichloride 
dlmethylsilanediyl(2-isopropyl-3-methyl-4-(1 -naphthyl)indenyl)-L-2irconium dichloride 
dimethylsilanediyl(2-isopropyl-3-methyl-4-(3\5*Hii-tert-butylphenyl)indenyl)-L-^^ dichloride 
40 dimethylsilanediyl(2-isobutyl-3-methyM-phenylindenyl)-L-zirconium dichloride 
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dimethylsilanediyl(2-isobutyl-3-methyl-4-(4'4ert-butylphenyl)indenyl)-L-zi dichloride 
dimethylsilanediyl(2-lsobutyl-3-methyl-4-(r-naphthyl)indenyl)-L-zirconium dichloride 
dimethylsilanediyl(2-isobutyl-3-methyl-4-(3\5'Kli4ert-butylphenyl)indenylH^^ dichloride, 

S where L represents one of the following substaictures: 

(2,3-dimethyM,5-benzindenyl); (2.3-dlmethyl-4-phenylindenyl); (2,3-dimethyl-4-(4'-nnethylphenyl)- 
indenyl); (2,3-dimethyl-4-(4'-tert-butylphenyl)indenyl); (2,3-dimethyl-4.(3\5'-di-tert-butylphenyl)- 
indenyl); (2.3-dinnethyM-(4'-trifluoromethylphenyl)indenyl); (2.3-diethylindenyl); (2.3-diethyl-4- 

10 phenylindenyl); (2,3-diethyM-(4'-tert-butylphenyl)indenyl); (2.3-dlethyM-(1 '-naphthyl)indenyl); 
(2.3-diethyl-4-(3*,5'-di-tert-butylphenyl)indenyl); {2,3-diethyl-4-(4'-trifluoromethylphenyl)indenyl); 
{2,3-dipropy W-phenylindenyl); (2.3-dipropyM-(4*-tert-butylphenyl)indenyi); (2.3-dipropyl-4-(r- 
naphthyl)indenyl); {2.3-dlpropyM-(3',5*-di-tert-butylphenyl)indenyl); (2-methyl-3-ethylindenyl); (2- 
methyl-3-ethyM-phenylindenyl); (2-methyl-3-ethyl-4-(4'-ethylphenyl)indenyl); (2-methyl-3-ethyl-4- 

15 (4'-tert-butylphenyl)indenyl); (2-methyl-3-ethyl-4-(V-naphthyl)indenyl); (2-methyl-3-ethyl-4-(3\5'-di- 
tert-butylphenyl)lndenyl); (2-methyl-3-ethyM-(4*-trifluoromethylphenyl)indenyl); (2-methyl-3- 
isopropylindenyl); (2-methyl-3-isopropyl-4-phenylindenyl); (2-methyl-3-isopropyM-{4*- 
methylphenyl)indenyl); (2-methyl-3-isopropyM-(4'-tert-butylphenyl)indenyl); (2-methyl-3-isopropyl- 
4-(1 '-naphthyOindenyl); (2-methyl-3-isopropyM-{3\5'-di-tert-butylphenyl)indenyl); (2-ethyl-3- 

20 methyl-4-phenylindenyl); (2-ethyl-3-methyl-4-(4'-tert-butylphenyl)indenyl); (2-ethyi-3-niethyl-4-(1 
naphthyOindenyl); (2-ethyl-3-methyl-4.(3\5'-di-tert-butylphenyl)indenyl). 

Preference is also given to the corresponding dimethylzirconium compounds, the corresponding 
Ti*-butadienezirconium compounds and metallocenes of the formula (1) having zirconium frag- 
25 ments as described in WO 00/31090, and also the corresponding titanium and hafnium com- 
pounds. 

Since, in particular, the interplay of the steric effects of the radicals R\ and together with 
the radicals R^', R^ and R^' is important for the polymerization properties of the novel transition 
30 metal compounds of the formula (I), the indenyl skeleton can in principle also be replaced by a 
structurally similar, in particular heteroatom-containing. bicyclic or polycyclic hydrocart^on skeleton 
(cf. WO 98/22486) which may contain, for example, sulfur, nitrogen, oxygen or phosphorus, pre- 
ferably nitrogen or sulfur, e.g. a correspondingly substituted cyclopentaI2,3-b]thiophen-6-yl or 
cyclopenta[2.3-b]pyrrol-4-yl skeleton: 

35 



40 
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Nonrestrictive examples of such heteroatom-containing radicals are 5-methylcyclopenta[2,3- 
20 b]thiophen-6-yl, 5-ethylcyclopenta[2.3-b]thiophen-6-yl, 5-isopropylcyclopenta[2,3-b]thiophen-6-yl. 
2.3,5-trimethyIcyclopentaI2,3-b]thiophen-6-yl» 3,5-climethylcyclopenta[2.3-b]thiophen-6-yl. 2,5- 
dlmethyl-3-phenylcyclopenta[2.3-b]thiophen-6-yl, 2.5-dimethyl-3-(p-t-butylphenyl)cyclopenta[2,3- 
b]thiophen-6-yl, 5-isopropyl-2-methyl-3-(p-t-butylphenyl)cyclopenta[2.3-b]thlophen-6-yl, 2»3,5- 
trimethyl-3-(p-t-butylphenyl)cyclopentat2.3-b]thiophen-6-yl. 1,5-dimethylcyclopentaI2.3-b]pyrrol-4- 
25 yl, 1 .2.3,5-tetramethylcyclopentaI2.3-b]pyrroI-4-yl, 2,5-dimethyl-1 -phenylcyclopentaI2.3-b]pyrroM- 
yl, 2,5-dimethyl-1 -{p-t-butylphenyl)cyclopenta[2.3-b]pyrrol-4-yl. 5-lsopropyl-2-methyl-1 -(p-t-butyl- 
phenyl)cyclopentaI2.3-b]pyrroM-yl and 2,5,6-trimethyl-1-phenylcyclopenta[2,3-b]pyrroM-yl. 

Synthesis of the transition metal compounds: 

30 

We have surprisingly found a synthetic route by means of which it is possible to prepare metallo- 
cenes which have a specific substitution pattern and achieve the objects of the invention particu- 
larly well. Selected ansa-bisindenyl-metallocenes, in particular those which bear at least one, in 
particular exactly one, indenyl ligand which bears substituents different from hydrogen in the posi- 
35 tions 2, 3 and 4, achieve these objects particularly well. According to the present invention, it is 
possible to achieve a particularly high copolymerized ethylene content in the copolymerization of 
ethylene/propylene combined with a high isotacticity of the polypropylene part by means of a par- 
ticular combination of different Indenes. 

40 
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The synthesis of the metallocenes of the present invention Is in principle earned out according to 
the following simplified scheme: 



1. Alkylation / arylation with 
Ml or hydrogenation for 

III' 2. Elimination 



IV 



1. Deprot. 



II 



IV 2. R^Xj 



1. Deprot. 



2. XjM^RSRs 



10 



15 



where X is CI, Br. I, O-tosyl and alt other constituents and substituents are as described for for- 
mula (I), and where III. Iir, IV and Vr are the following structures: 

R2 





20 



25 





30 



35 



The present invention thus also provides a process for preparing ansa-metallocenes of the for- 
mula (I) which comprises the following steps: 

a) reaction of a 1>indanone of the formula (III) or (III') with an organometallic compound 

M^R^mHaln or M^R^'mHaln and subsequent elimination to form the substituted indene of the 
fonnula (IV) or (IV), 

where the variables R\ R'\ R^ R^. R^ R^'. R^ R^\ R^ R^', R® and R^' are as defined for 
formula (I), is an alkali metal, an alkaline earth metal, aluminum or titanium. Hal is 
halogen, m is an integer and is equal to or greater than 1 and the sum of m+n corre- 
sponds to the valence of M^; 



40 
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b) deprotonation of the substituted indene of the formula (IV) or (IV) and subsequent reac- 
tion of the deprotonated indene with compounds of the type R^Xa to form compounds of 
the formula (V) or (V) or their double bond isomers, 



10 




where X is CI. Br. I or O-tosyl and is as defined for formula (I); 

c) reaction of the compound of the formula (V) or (V) with a further deprotonated indene 

which has been obtained by deprotonation of (IV) or (IV) to fomn the ligand system of the 
formula (lla) or its double bond Isomers, 



25 



30 




(lla) 



d) deprotonation of the ligand system of the formula (lla) or its double bond isomers and 
reaction with compounds of the type XaM^R^R^ to give the ansa-metallocene of the for- 
mula (I), where X is as defined for fonmula (V) and M\ R" and R® are as defined for for- 
35 mula (I). 

If, in the above-described process, an indene of the formula (IV) or (IV), in particular an indene of 
the formula (IV), is replaced by a sterically similar, in particular heteroatom-containing, bicyclic 
system, for example a correspondingly substituted cyclopenta[2,3-b]thiophene or cyclopenta[2,3- 
40 b]pyrrole, 



wo 03/106470 PCT/EP03/05S92 
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R2 



5 





where 



35 




can be a divalent group such as 



40 
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5 




preferably a divalent substituted 1,4-buta-1,3-dienylene group 



15 

and 

20 




can be a divalent group such as 



25 




and the substituents R^. R*. R^ R^, R^*, R*', R^' and R^* are as defined for formula (I). 

The process of the present invention is preferably employed for preparing metallocenes of the 
fomnula (I) with or without heterocyclic cyclopentadienyl derivatives in the ligand system using 
35 compounds whose substituents are as follows: 
is zirconium; 

R\r* are identical or different and are each a Ci-Ci2-a[kyl group, preferably methyl, ethyl, n- 
propyl, isopropyl, n-butyl. tert-butyl. isobutyl, cyclopentyl or cyclohexyl, particularly pref- 
erably methyl, ethyl or isopropyl; 

40 
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R^\r^ are identical or different and are each hydrogen, methyl, ethyl, n-propyl. isopropyl. n- 
butyl. isobutyl. tert-butyl. cyclopentyl or cyclohexyl. particularly preferably hydrogen, 
methyl, ethyl or isopropyl, with R^* very particularly preferably being methyl, ethyl or iso- 
propyl and R^ very particularly preferably being hydrogen; 
5 R^R^ are identical or different and are each a Ce-Cts-aryl group which may be substituted or 
unsubstituted, in particular phenyl, 4-methylphenyl. 4-ethylphenyl. 4-propylphenyI, 4-iso- 
propylphenyl, 4-tert-butylphenyl, 4-methoxyphenyl» 1-naphthyl, 9-anthracenyl, 3,5- 
dimethylphenyl, 3,5-di-tert-butylphenyl or 4-trifluoromethylphenyl; or two radicals R^ to- 
gether with R^ and/or R^' together with R*' may fomi a monocyclic or polycyclic ring 
1 0 system which may in turn be substituted, in particular a substituted or unsubstituted, 

preferably unsubstituted. 1,4-buta-1,3-dienylene group, and R^' may also be hydrogen; 

R^.R*' are identical or different and are either hydrogen or together with R^ or R^' form a mono- 
cyclic or polycyclic ring system, with hydrogen being particularly preferred; 

R^,R®',R®.R^' are identical or different and are each hydrogen or a C1-C20 group such as linear or 
1 5 branched Ci-CiB-alkyl, Cj-Cio-alkenyl or Ca-Cis-alkylalkenyl; Ce-Cao-aryl, C4-Ci8- 

heteroaryl, CT-Czo-arylalkyI; or fluorinated Ci-Ci2-alkyl, CrCio-alkenyl. Ce-Cao-aryl or Cr- 
Cao-arylalkyl. with hydrogen being particularly preferred; 

R^ is a bridging stmctural element between the two indenyl radicals, with R^ particularly 
preferably being Si(IVIe)2. Si{Ph)2. Si(Et)2. Si(Me)(Ph). Si(Me)(SiMe3); and 
20 R®,R® are each chlorine or methyl. 



The process of the present invention is particularly preferably employed for preparing metallo- 
cenes of the formula (I) using compounds whose substituents are as follows: 
is zirconium; 

25 R\R^ are identical or different and are each methyl, ethyl or isopropyl; 

R^'.R^ are identical or different and are each hydrogen, methyl, ethyl or isopropyl, with R^ pref- 
erably being hydrogen and R^' particularly preferably being methyl; 
and all other substituents are as defined above. 



30 The substituted 1-indanones of the formula (III) or (III') are obtainable in a simple manner by syn- 
thetic methods known from the prior art, for example the process described in WO 98/40331. 

In the process of the present invention, the addition of the radicals R^ or R^ onto the carbon atom 
of the keto group is achieved by reaction of the cyclic ketone with a suitable organometallic com- 

35 pound M^R^mHaln or M^R^ mHaln, where is an alkali metal, an alkaline earth metal, aluminum or 
titanium and Hal is halogen, e.g. a Grignard, lithium, titanium or aluminum reagent. These or- 
ganometallic compounds are likewise obtainable in a simple manner by standard methods of the 
prior art or can be purchased commercially. The synthesis of appropriate Grignard reagents is 
described, for example, in Holm, Tori^il. J. Chem. Soc. Perkin Trans. 2, 1981. 464-467. and also in 

40 March, Advanced Organic Chemistry, 4^ Edition 1992. and the references cited therein. A person 
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skilled in the art will choose appropriate organometallic compounds depending on the specific 
substitution patterns and reactivities of the indanone compounds to be reacted. 

After the reaction with the suitable organometallic compound M^R^^Haln or M^R^^Haln. an elimi- 
5 nation reaction is carried out to fonm the double bond in the 5-membered ring. This can, for exam- 
ple, be induced by means of a suitable dilute or undiluted acid, e.g. hydrochloric acid, sulfuric 
acid, phosphoric acid or an organic acid such as formic acid, acetic acid, citric acid and the like; 
preference is in most cases given to approximately 6 N hydrochloric acid. 

10 This gives a substituted indene of the fonmula (IV) or (IV) which, after deprotonation on the meth- 
ylene carbon of the 5-membered ring, is reacted with a reagent R^X2, in the simplest case a dial- 
kyldichlorosilane. for example, to form a compound of the fonnula (V) or (V). The deprotonation is 
carried out using suitable bases such as n-butylllthium, tert-butyllithium, methyllithium. potassium 
hydride, dibutylmagnesium or the like. Appropriate process steps are known from the prior art and 

16 are described, for example, in WO 01/48034. 

The compounds of the formula (V) or (V') are subsequently reacted with deprotonated (III) or (lir) 
to fbnn the conresponding ligand system (lla). According to the present invention, this gives lig- 
ands of the fomnula (lla) which preferably bear at least one indenyl group which is substituted in 
20 each of the 2, 3 and 4 positions by a radical different from hydrogen. 

The ligands (lla) obtained in this way or (11) obtained analogously are in turn converted by depro- 
tonation and subsequent reaction with compounds of the type X2M^R®R^ into the corresponding 
CI- or C2-symmetric, preferably Cl-symmetric, ansa-metallocenes of the formula (I). The proce- 
25 dures for synthesizing the complexes are known standard methods of the prior art. The corre- 
sponding heterocyclic systems are obtained analogously using the conresponding heteroatom- 
containing hydrocarbon compounds, as also described in WO 98/22486 and as indicated above. 

30 



35 



40 
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The process of the present invention will once again be illustrated below by means of a specific 
and nonrestrictive example: 



5 



10 




15 

Here, a substituted 1-indanone, e.g. the depicted 7-(4 -t-butylphenyl)-2-methyM-lndanone which 
can be prepared as described in WO 98/40331, is reacted with an alkylating organometallic com- 
pound, e.g. a Grignard. lithium, titanium or aluminum reagent. Acid-induced elimination gives a 
20 2,3,4-trisubstituted indene which is reacted with a sllylated indene which can be prepared as de- 
scribed in WO 01/48034 to form the ligand which can be converted by standard methods into the 
complex. 

The present invention also provides indenes of the fomnula (IV) or the double bond isomers 
25 thereof 



30 




where the variables R\ R^, R^, R^, R* and R^ are as defined for fomnula I. 

35 The novel metallocenes of the formula (I) are highly active catalyst components for the homo- 
polymerization and copolymerlzation of olefins. Depending on the substitution pattem of the lig- 
ands, the metallocenes can be obtained as a mixture of isomers. The metallocenes are preferably 
used in diastereomerically pure form for the polymerization. 



40 
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20 



Preference is given to using the racemic or pseudo-racemic metallocenes of tlie formula (I), but 
the use of racemic or pseudo-rac-enriched (pseudo-)rac/(pseudo-) meso mixtures can also be 
appropriate. 

The novel metallocenes of the formula (I) are particularly suitable as constituents of catalyst sys- 
tems for preparing polyolefins by polymerization of at least one olefin in the presence of a catalyst 
comprising at least one cocatalyst and at least one metallocene. 



The present invention therefore also provides a catalyst system comprising at least one metallo- 
cene of the fonnula (I) (component A) as organometallic transition metal compound and at least 
one cocatalyst (component B). 

Together with the novel metallocene of the fomiula (I), the cocatalyst forms a polymerization- 
active catalyst system in which the cocatalyst serves as cation-fomning compound. 

Suitable cation-forming compounds (components B) which are able to react with a novel organo- 
metallic transition metal compound to convert it into a cationic compound are. for example, com- 
pounds such as an aluminoxane, a strong uncharged Lewis acid, an ionic compound having a 
Lewis-acid cation or an ionic compound containing a BrOnsted acid as cation. In the case of met- 
allocene complexes as organometallic transition metal compound, the catton-forniing compounds 
are frequently also referred to as compounds capable of forming metallocenium ions. 

As aluminoxanes. it is possible to use, for example, the compounds described in WO 00/31090. 
Partlculariy useful compounds are open-chain or cyclic aluminoxane compounds of the formula 
(VI) or (VII) 



Cocatalysts 



30 




(VI) 



35 




(VII) 



m 



40 where 
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R^^ is a Ci-C4-alkyl group, preferably a methyl or ethyl group, and m is an integer from 5 to 
30, preferably from 10 to 25. 

5 These oligomeric aiuminoxane compounds are usually prepared by reacting a solution of trial- 
kylaluminum with water. The oligomeric aiuminoxane compounds obtained in this way are gener- 
ally in the form of mixtures of both linear and cyclic chain molecules of various lengths, so that m 
is to be regarded as a mean. The aiuminoxane compounds can also be present in admixture with 
other metal alkyls, preferably aluminum alkyls. 

10 

In place of the aiuminoxane compounds of the formulae (Vl) or (VII), modified aluminoxanes in 
which some of the hydrocarbon radicals or hydrogen atoms are replaced by alkoxy. aryloxy, siloxy 
or amide groups can also be used as component B). 

15 It has been found to be advantageous to use the novel organometallic transition metal compound 
and the aiuminoxane compounds in such amounts that the atomic ratio of aluminum from the 
aiuminoxane compounds to the transition metal from the organometallic transition metal com- 
pound is in the range from 10:1 to 1000:1, preferably from 20:1 to 500:1 and in particular In the 
range from 30:1 to 400:1. 

20 

As strong, uncharged Lewis acids, preference is given to compounds of the formula (VIII) 
M'X^X^X' (VIII) 

25 where 

is an element of group 1 3 of the Periodic Table of the Elements, in particular 
B, Al or Ga, preferably B, 

30 X\X^ and X^ are each hydrogen. Ci-Cio-alkyl, Ce-Cis-aryl. alkylaryl, arylalkyl. haloalkyi or 

haloaryl each having from 1 to 10 carbon atoms in the alky I radical and from 6 
to 20 carbon atoms in the aryl radical or fluorine, chlorine, bromine or iodine, in 
particular haloaryl, preferably pentafluorophenyl. 

35 Further examples of strong, uncharged Lewis acids are given in WO 00/31 090. 

Particular preference is given to compounds of the formula (VIII) in which X\ X^ and X^ are identi- 
cal, preferably tris(pentafluorophenyl)borane. 



40 
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Further strong uncharged Lewis acids suitable as cation-fonming compounds B) are the reaction 
products from the reaction of a boronic acid with two equivalents of a trialkylaluminum or the re- 
action products from the reaction of a trialkylaluminum with two equivalents of an acidic fluori- 
nated, in particular perfluorinated, hydrocarbon compound such as pentafluorophenol or 
5 bis(pentafluorophenyl)borinic acid. 

Suitable Ionic compounds having Lewis-acid cations are salt-like compounds of the cation of the 
fbmiula (IX) 

10 [(Y^)QiQ2..Qj'* (IX) 



where 



Y is an element of groups 1 to 16 of the Periodic Table of the Elements, 



15 



Qi to Qz are singly negatively charged groups such as Ci-Cas^lkyl, Ce-Cis-aryl. alky- 

laryl, arylalkyi, haloalkyl. haloaryl each having from 6 to 20 carbon atoms in the 
aryl radical and from 1 to 28 carbon atoms in the alkyi radical, C3-C10- 
cycloalkyi which may be substituted by Ci-Cio-alkyl groups, halogen, C1-C28- 
20 alkoxy, Ce-Cis-aryloxy, silyl or mercapto groups. 

a is an integer from 1 to 6 and 

z is an integer from 0 to 5, 

25 

d corresponds to the difference a - z, but d is greater than or equal to 1 . 



Particularly useful cations are carbonium cations, oxonium cations and sulfonium cations and also 
cationic transition metal complexes. Particular mention may be made of the triphenylmethyl ca- 
30 tion. the silver cation and the l.l'-dimethylferrocenyl cation. They preferably have noncoordinating 
counterions, in particular boron compounds as are mentioned in WO 91/09882, preferably 
tetrakis(pentafluorophenyl)borate. 

Salts containing noncoordinating anions can also be prepared by combining a boron or aluminum 
35 compound, e.g. an aluminum alkyI, with a second compound which can react to link two or more 
boron or aluminum atoms, e.g. water, and a third compound which reacts with the boron or alumi- 
num compound to form an ionizing ionic compound, e.g. triphenylchloromethane. In addition, a 
fourth compound which likewise reacts with the boron or aluminum compound, e.g. pentafluoro- 
phenol, can be added. 



40 
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Ionic compounds containing BrOnsted acids as cations preferably likewise have noncoordinating 
counterions. As BrOnsted acids, particular preference is given to protonated amine or aniline de- 
rivatives. Prefenred cations are N.N-dimethylanilinium, N.N-dimethylcyclohexylammonium and 
N,N-dimethylbenzylammonium and also derivatives of the latter two. 

5 

Preferred ionic compounds B) are. in particular. N.N-dimethylanilinium 
tetrakis(pentafluorophenyl)borate, N.N-dimethylcyclohexylammonium tetrakis(pentafluoro- 
phenyl)borate or N.N-dimethylbenzylammonium tetrakis(pentafluorophenyl)borate. 

10 Two or more t>orate anions can also be joined to one another, as in the dianlon [(C6F5)2B-C6F4- 
B(C6F5)2]^', or the borate anion can be bound via a bridge having a suitable functional group to a 
support surfece. 

Further suitable cation-forming compounds B) are listed in WO 00/31090. 

15 

The amount of strong, uncharged Lewis acids, ionic compounds having Lewis-acid cations or 
ionic compounds containing BrOnsted acids as cations is preferably from 0.1 to 20 equivalents, 
preferably from 1 to 10 equivalents, based on the organometallic transition metal compound of the 
present invention. 

20 

Further suitable cation-forming compounds B) are boron-aluminum compounds such as 
di[bis(pentafluorophenylboroxy)]methylalane. Such boron-aluminum compounds are disclosed, for 
example, in WO 99/06414. 

25 It is also possible to use mixtures of all the atx)vementioned cation-forming compounds B). Pre- 
ferred mixtures comprise aluminoxanes, in particular methylaluminoxane, and an ionic compound, 
in particular one containing the tetrakis(pentafluorophenyl)borate anion, and/or a strong un- 
charged Lewis acid, in particular tris(pentafluorophenyl)borane. 

30 Preference is given to using both the novel organometallic transition metal compound and the 
cation-fomning compounds B) in a solvent, with aromatic hydrocarbons having from 6 to 20 carbon 
atoms, in particular xylene and toluene, being preferred. 

The catalyst may further comprise, as additional component C), a metal compound of the formula 
35 (X). 

M^R"MR^WR^% (X) 

where 

40 
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10 



is an alkali metal, an alkaline earth metal or a metal of gn3up 13 of the Periodic 
Table, i.e. boron, aluminum, gallium, indium or thallium. 

is hydrogen, Ci-Cicalkyl, Ce-Cis-aryl, alkylaryl or arylalkyi each having from 1 to 
10 carbon atoms in the alkyi part and from 6 to 20 carbon atoms in the aryl part. 

and R^^ are each hydrogen, halogen, Ci-Cio-alkyl. Ce-Cig-aryl. alkylaryl, arylalkyi or alk- 
oxy each having from 1 to 10 carbon atoms in the alkyI radical and from 6 to 20 
carbon atoms in the aryl radical. 



r is an integer from 1 to 3 

and 

IS s and t are integers from 0 to 2, where the sum r+s-i-t corresponds to the valence of M^, 

with the component C) not being identical to the component B). It is also possible to use mixtures 
of various metal compounds of the formula (X). 

20 Among the metal compounds of the formula (X), preference is given to those in which 

is lithium, magnesium or aluminum and 

R^ and R^* are each Ci-Cio-alkyl. 

25 

Particulariy preferred metal compounds of the formula (X) are n-butyllithium, n-butyl-n- 
octylmagnesium, n-butyl-n-heptylmagneslum. tri-n-hexylaluminum, triisobutylaluminum, triethyla- 
luminum and trimethylaluminum and mixtures thereof. 

30 If a metal compound is used as component C). it is preferably present in the catalyst in such an 
amount that the molar ratio of from formula (X) to transition metal from the organometallic 
transition metal compound of the present invention is from 800:1 to 1:1, in particular from 200:1 to 
2:1. 

35 Particular preference is given to a catalyst system comprising an organometallic transition metal 
compound according to the present invention (component A) and at least one cocatalyst (compo- 
nent B) and, in addition, a support (component D). 



40 



To obtain such a supported catalyst system, the unsupported catalyst system can be reacted with 
a support (component D). The order in which component D). the organometallic transition metal 
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compound of the present invention and the cocatalyst are combined is in principle immaterial. The 
organometallic transition metal compound and the cocatalyst can be fixed to the supports either 
independently of one another or simultaneously. After the individual process steps, the solid can 
be washed with suitable inert solvents such as aliphatic or aromatic hydrocarbons. 

5 

As component D). preference is given to using finely divided supports which can be any organic 
or inorganic, inert solids. In particular, the component D) can be a porous support such as talc, a 
sheet silicate, an inorganic oxide or a finely divided polymer powder (e.g. polyolefin). 

10 Suitable inorganic oxides may be found among oxides of the elements of groups 2, 3, 4, 5. 13. 14, 
15 and 16 of the Periodic Table of the Elements. Examples of oxides preferred as supports in- 
clude silicon dioxide, aluminum oxide and also mixed oxides of the elements calcium, aluminum, 
silicon, magnesium and titanium and also corresponding oxide mixtures. Other inorganic oxides 
which can be used alone or in combination with the abovementioned preferred oxidic supports 

15 are. for example, MgO. ZrOz, Ti02 or B2O3. A preferred mixed oxide is. for example, calcined hy- 
drotalcite. 

The support materials used preferably have a specific surface area in the range from 10 to 
1000 m^/g, a pore volume in the range from 0.1 to 5 ml/g and a mean particle size of from 1 to 
20 500 pm. Preference is given to supports having a specific surface area in the range from 50 to 
500 m^/g, a pore volume in the range from 0.5 to 3.5 ml/g and a mean particle size in the range 
from 5 to 350 pm. Particular preference is given to supports having a specific surface area in the 
range from 200 to 400 m^/g. a pore volume in the range from 0.8 to 3.0 ml/g and a mean particle 
size of from 10 to 100 pm. 

25 

The inorganic support can be subjected to a thenmal treatment, e.g. for the removal of adsorbed 
water. Such a drying treatment is generally carried out at from 80 to 300X. preferably from 100 to 
200*0, with drying at from 100 to 200**C preferably being canied out under reduced pressure 
and/or a blanket of inert gas (e.g. nitrogen), or the inorganic support can be calcined at from 200 

30 to 1000*^0 to set. if appropriate, the desired structure of the solid and/or the desired OH concen- 
tration on the surface. The support can also be treated chemically using customary desiccants 
such as metal alkyls, preferably aluminum alkyls, chlorosilanes or SiCU, or else methylaluminox- 
ane. Such treatment methods are described, for example, in WO 00/31090. 
The inorganic support material can also be modified chemically. For example, the treatment of 

35 silica gel with NH4SiF6 leads to fluorination of the silica gel surfece and the treatment of silica gels 
with silanes containing nitrogen-, fluorine- or sulfur-containing groups leads to correspondingly 
modified silica gel surfaces. 

Organic support materials such as finely divided polyolefin powders (e.g. polyethylene, polypro- 
40 pylene or polystyrene) can also be used and should preferably likewise be freed of adhering 
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15 



20 



25 



30 



moisture, solvent residues or other impurities by appropriate purification and drying operations 
before use. It is also possible to use functionalized polymer supports, e.g. ones based on polysty- 
renes, via whose functional groups, for example ammonium or hydroxy groups, at least one of the 
catalyst components can be immobilized. 

In a preferred method of preparing the supported catalyst system, at least one of the organome- 
tallic transition metal compounds of the present invention is brought into contact with at least one 
cocatalyst component B) in a suitable solvent preferably giving a soluble reaction product, an 
adduct or a mixture. 

The preparation obtained in this way is then mixed with the dehydrated or passivated support 
material, the solvent is removed and the resulting supported organometallic transition metal com- 
pound catalyst system is dried to ensure that all or most of the solvent is removed from the pores 
of the support material. The supported catalyst is obtained as a free-flowing powder. Examples of 
the industrial implementation of the above process are described in WO 96/00243. WO 98/40419 
or WO 00/05277. 

A further preferred embodiment comprises firstly applying the cation-forming compound to the 
support component and subsequently bringing this supported cation-forming compound into con- 
tact with the organometallic transition metal compound of the present invention. 

Thus, useful cocatalyst systems B) likewise include combinations which are obtained by combin- 
ing the following components: 

1 . at least one defined boron or aluminum compound, 

2. at least one uncharged compound which has at least one acidic hydrogen atom, 

3. at least one support preferably an Inorganic oxidtc support, and optionally a base, pref- 
erably an organic nitrogen-containing base such as an amine, an aniline derivative or a 
nitrogen heterocycle. 

The boron or aluminum compounds used in the preparation of the supported cocatalysts are pref- 
erably compounds of the formula XI 




(XI) 




Ml 



40 



where 
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are identical or different and are each hydrogen, halogen. Ci-C2o-alkyl, Ci-C2o-haloalkyl. 
Ci-Cio-alkoxy. Ce-Czo-aryl, Ce-Cao-haloaryl. Ce-Czo-aryloxy. C7-C4o-arylalkyl. C7-C40- 
haloarylalkyl. Cz-C^-alkylaryl, CrCAo-haloalkylaryl. or PJ^ is an OSiR^a group, where 
R^^ are identical or different and are each hydrogen, halogen. Ci-C2o-alkyl, CrC2o-haloalkyl, 
Ci-Cio-alkoxy. Ce-Czo-aryl. Ce-Cjo-haloaryl. C6-C2o-aryloxy. C7-C4o-arylalkyl. €7-040- 
haloarylalkyl. C7-C4o-alkylaryl, C7-C4o-haloalkylaryl. preferably hydrogen, Ci-Ce-alkyl or 
C7-C2o-arylalkyl, and 

Is boron or aluminum, preferably aluminum. 

Particularly preferred compounds of the formula XI are trimethylaluminum, triethytaluminum and 
triisobutylaluminum. 

The uncharged compounds which have at least one acidic hydrogen atom and can react with 
compounds of the fonmula (XI) are preferably compounds of the formulae XII, XIII or XIV, 

R^^ D-H (R^^)3^— B (D-H)h H-D D-H 

(XII) (XIII) (XIV) 

where 

R^^ are identical or different and are each hydrogen, halogen, a boron-free C1-C40 group such 

as CrCao-alkyI, Ci-C2o-haloalkyl. Ci-Cio-alkoxy, C6-C2o-aryl. C6-C2o-haloaryl, C6-C20- 

aryloxy, C7-C4o-arylalkyl, C7-C4o-haloarylalkyl, C7-C4o-alkylaryl. C7-C4o-haloalkylaryl, an 

Si(R^)3 group or a CH(SiR^3)2 group, where 
R^ is a boron-firee C1-C40 group such as Ci-C2o-alkyl, Ci-Cao-haloalkyI, Ci-Cio-alkoxy, Ce-Cao- 

aryl, Ce-Cao-haloaryl, C6-C2o-aryloxy, C7-C4o-arylalkyl. C7-C4o-haloarylalkyl, C7-C40- 

alkylaryl. C7-C4o-haloalkylaryl, and 
R^^ is a divalent C1-C40 group such as Ci-C2o-alkylene, Ci-C2o-haloalkylene, C6-C2o-arylene. 

C6-C2o-haloarylene, C7-C4o-arylalkylene, C7-C4o-haloarylaikylene, C7-C4o-aikylarylene. C7- 

C4o-haloalkylarylene, 

D is an element of group 16 of the Periodic Table of the Elements or an NR^* group, where 
R^^ Is hydrogen or a Ci-C2o-hydrocarbon radical such as Ci-C2o-alkyl or C6-C2o-aryl, pref- 
erably oxygen, and 

h is 1 or 2. 

Suitable compounds of the fomiula (XII) are water, alcohols, phenol derivatives, thiophenol de- 
rivatives or aniline derivatives, with the halogenated and in particular the perfluorinated alkyls and 
phenols being of special significance. Examples of particularly useful compounds are pentafluoro- 



wo 03/106470 PCT/EP03/05592 

29 



phenol, 1,1-bis(pentafluorophenyl)methanol and 4-hydroxy-2.2\3,3\4,4',5,5\6,6- 
nonafluorobiphenyl. 

Suitable compounds of the formula (XIII) are boronic acids and borinic acids, in particular borinic 
acids having perfluorinated aryl radicals, for example (C6F5)2BOH. 
5 Suitable compounds of the formula (XIV) are dihydroxy compounds in which the divalent carbon- 
containing group is preferably halogenated. in particular perfluorinated. An example of such a 
compound is 4.4*-dihydroxy-2,2',3,3'.5,5',6.6'-octafluorobiphenyl hydrate. 

Examples of combinations of compounds of the formula (XI) with compounds of the formula (XII) 
10 or (XIV) are trimethylaluminum/pentafluorophenol, trimethylaluminum/1 - 

bis(pentafluorophenol)methanol. trimethylaluminum/4-hydroxy-2.2'.3,3'.4,4\5,5\6,ff- 
nonafluorobiphenyl, triethylaluminum/pentafluorophenol. triisobutylaluminum/pentafluorophenol 
and triethylaluminum/4,4'HJihydroxy-2.2',3.3\5,5',6,6-octafluorobiphenyl hydrate, with, for exam- 
ple, reaction products of the following types being able to be formed. 



15 



Me i-Bu ^ 



Me 

"^9^12 j ^V^% 

Me 



Examples of reaction products from the reaction of at least one compound of the formula (XI) with 
25 at least one compound of the formula (XIII) are: 



30 



^B' ^Al ^B' 'B' 'Al B' 

lie CeFs F^Ce Et C,F5 



35 



in principle, the components can be combined in any way. 



40 



The reaction products from the reaction of at least one compound of the formula XI with at least 
one compound of the formula XII. XIM or XIV and optionally the organic nitrogen base may addi- 
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tonally be combined with an organonaetallic compound of the fomiula VI. VII, VIII and/or X so as 
then to fomi. together with the support, the supported cocatalyst system B). 

In a preferred embodiment, the components 1 (formula XI) and 2 (formula XII. XIII or XIV) and the 
5 components 3 (support) and 4 (base) are combined separately and subsequently reacted with 
one another, with the reaction preferably taking place in an inert solvent or suspension medium. 
The supported cocatalyst B) formed can be freed of the inert solvent or suspension medium be* 
fore it is reacted with the organometallic transiton metal component of the present invention and 
any component C) to form the catalyst system. 

10 

It Is also possible firstly to prepolymerize the catalyst solid with a-olefins, preferably linear C2-C10- 
1-alkenes and in particular ethylene or propylene, and then to employ the resulting prepolymeri- 
zed catalyst solid in the actual polymerization. The mass rato of catalyst solid used in the prepo- 
lymerization to polymerized-on monomer is usually in the range from 1:0.1 to 1:200. 

15 

Furthennore, a small amount of an olefin, preferably an a-olefin, for example vinylcyclohexane, 
styrene or phenyldimethylvinylsllane, as modified component, an antistatic or a suitable inert 
compound such as a wax or oil can be added as additive during or after the preparation of the 
supported catalyst system. The molar ratio of additives to the organometallic transition metal 
20 compound of the present invention is usually from 1 : 1 000 to 1 000: 1 . preferably from 1 : 5 to 20: 1 . 

Polymerization process 

The present invention also provides a process for preparing poiyolefins by polymerization, i.e. 
25 homopolymerization or copolymerization, of at least one olefin in the presence of a catalyst sy- 
stem comprising at least one of the novel organometallic transition metal compounds of the for- 
mula (I). 

In general, the catalyst system is used together with a further metal compound C) of the formula 
30 (X), which may be different from the metal compound(s) C) of the formula (X) used in the prepa- 
ration of the catalyst system, as constituent of a catalyst system for the polymerization or copoly- 
merization of olefins. The further metal compound is generally added to the monomer or the sus- 
pension medium and serves to free the monomer of substances which may adversely affect the 
catalyst activity. It is also possible for one or more further cation-forming compounds B) to be 
35 additionally added to the catalyst system during the polymerization process. 

The olefins can be functonalized, oleflnically unsaturated compounds such as esters or amide 
derivatives of acrylic or methacrylic acid, for example acrylates. methacrylates or acrylonitrile, or 
nonpolar olefinic compounds, including aryl-substituted a-olefins. 
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Preference is given to polymerizing olefins of the fomnula R'"-CH=CH-R", where R"* and R" are 
identical or different and are each hydrogen or a carbon-containing radical having from 1 to 20 
carbon atoms, in particular from 1 to 10 carbon atoms, and R"™ and R" together with the atoms 
connecting them may form one or more rings. 

5 

Examples of such olefins are 1 -olefins having from 2 to 40, preferably from 2 to 10, carbon atoms, 
e.g. ethylene, propylene, 1-butene. 1-pentene, 1-hexene, 1-heptene, 1-octene. 1-deceneor4- 
methyl-1-pentene. or unsubstituted or substituted vinylaromatic compounds such as styrene and 
styrene derivatives, ordienes such as 1,3-butadiene. 1,4-hexadiene, 1 ,7-octadiene, 5-ethylidene- 
10 2-norbomene, norbomadiene, ethylnorbomadiene. or cyclic olefins such as nortjomene. tetracy- 
clododecene or methylnorbornene. 

The catalyst system of the present Invention is particularly preferably used for homopolymerizing 
propylene or ethylene or copolymerizing ethylene with Ca-Ca-a-olefins such as propylene, 1- 

15 butene, 1-pentene. 1-hexene and/or 1-octene and/or cyclic olefins such as norbornene and/or 
dienes having from 4 to 20 carbon atoms, e.g. 1 .4-hexadiene, norbomadiene, ethylidene- 
nortDomene or ethylnorbomadiene or. partlculariy preferably, for copolymerizing propylene with 
ethylene and/or 1-butene. Examples of copolymers which can be obtained In this way are propy- 
lene-ethylene, propylene-1 -butene, ethylene-1-hexene and ethylene-1-octene copolymers and 

20 ethylene-propylene-ethylidenenorbornene or ethylene-propylene-1 ,4-hexadlene terpolymers. 

The polymerization can be carried out in a known manner in bulk, in suspension, in the gas phase 
or in a supercritical medium in the customary reactors used for the polymerization of olefins. It can 
be earned out batchwise or preferably continuously in one or more stages. Solution processes, 
25 suspension processes, stirred gas-phase processes or gas-phase fluidlzed-bed processes are all 
possible. As solvents or suspension media, it is possible to use inert hydrocarbons, for example 
isobutane, or else the monomers themselves. 

The polymerizations can be carried out at from -60 to 300**C and pressures in the range from 0.5 
30 to 3000 bar. Preference is given to temperatures in the range from 50 to 200**C, in particular from 
60 to 100**C, at pressures in the range from 5 to 100 bar. in particular from 15 to 70 bar. The me- 
an residence times are usually from 0.5 to 5 hours, preferably from 0.5 to 3 hours. Hydrogen can 
be used in the polymerization as molar mass regulator and/or to increase the activity. Furthermo- 
re, use can also be made of customary additives such as antistatics. The catalyst system of the 
35 present invention can be used directly for the polymerization, i.e. it Is introduced in pure form into 
the polymerization system, or it is admixed with inert components such as paraffins, oils or waxes 
to improve its meterability. 
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The novel organometallic transition metal compounds of the fonnula (I) or the catalyst systems in 
which they are present are very particularly useful for preparing propylene-ethylene copolymers or 
polypropylene/propylene-ethylene copolymer mixtures. 

5 The invention therefore also provides a process for preparing propylene-ethylene copolymers or 
polypropylene/propylene-ethylene copolymer mixtures in the presence of a catalyst system as 
described above. 

Ethylene-propylene copolymers having an extraordinarily high stereospecificity and regiospeci- 
10 ficity and high contents of copolymerized ethylene are obtained at a comparatively low ethylene 
partial pressure when using the catalyst systems of the present invention. While conventional 
metallocenes such as dimethylsilanediylbis(2-methyl-4-phenylindenyl)zirconium dichloride give 
copolymerized ethylene contents up to 10% by weight, the catalysts of the present invention give 
contents of 10-20% by weight. 

15 

The copolymer obtained using the catalyst systems of the present invention has a high ethylene 
content combined with a high isotacticity of the polypropylene part. 

The polymers prepared by the process of the present invention are suitable for producing hard 
20 and stiff shaped bodies having a high ultimate tensile strength, e.g. fibers, filaments, injection- 
molded parts, films, sheets or large hollow bodies (e.g. pipes). The moldings have, in particular, a 
high toughness, even at temperatures below 20''C, combined with a high stiffness. 

The invention is illustrated by the following examples which do not. however, restrict the scope of 
25 the invention. 
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Examples 

General procedures: Preparation and handling of the organometallic compounds was earned out 
in the absence of air and moisture under argon (Schlenk technique or glove box). All solvents 
5 required were purged with argon and dried over molecular sieves before use. The preparation of 
substituted 1-indanones was carried out by a method analogous to that of WO 98/40331. The 
dimethylchlorosilyl-substituted indenes were synthesized as described in DE 19936185 or by 
methods analogous to the method described there. 

1 0 Example 1 : 7-(4 -tert-Butylphenyl)-1 ,2-dlmethyM -indene 

In a 250 ml three-necked flask. 6.1 g (250 mmol) of magnesium turnings were covered with 10 ml 
of diethyl ether, and 1 ml of methyl iodide was then added. As soon as the reaction started, the 
remaining 14.6 ml of methyl iodide (total of 250 mmol) in 50 ml of diethyl ether were added at 

15 such a rate that the solution boiled gently. After the addition was complete, the mixture was stirred 
under reflux for another 30 minutes. A solution of 13.9 g (50 mmol) of 7-(4'-tert-butylphenyl)-2- 
methyl-1-indanone in 60 ml of diethyl ether was then added dropwise at OX over a period of 30 
minutes. The mixture was stirred for another 1 hour at 0**C and for 15 minutes at room tempera- 
ture and ice was then carefully added at room temperature. 100 ml of 6N HCl were then added 

20 dropwise at room temperature. After the reaction was complete (TLC monitoring), 100 ml of water 
and 100 ml of diethyl ether were added. The phases were separated and the aqueous phase was 
extracted three times with 50 ml each time of diethyl ether. The combined organic phases were 
dried over magnesium sulfate and the solvent was removed under reduced pressure. The red oil 
(13.6 g) obtained in this way was recrystallized from 75 ml of ethanol. 7-(4*-tert-Butylphenyl)-1 ,2- 

25 dimethyl-1-indene was obtained in a yield of 10.1 g (36.5 mmol/73%) and a purity of 99% (GC). 
^H-NMR (400 MHz. CDCI3): 7.50-7.20 (m, 7H. aromat. H). 3.41 (s, 2H, benzyl. H), 2.13 (s, 3H, 
methyl). 1.61 (s, 3H, methyl). 1.49 (s, 9H. tert-butyl)ppm. 

Example 2: Preparation of dimethylsilanediylbis(2.3-dimethyl-4-(4-tert-butylphenyl).1-indene) 

30 

8.8 ml of n-BuLi (22 mmol. 2.5 M in toluene) were added dropwise at 0*C to 5.52 g (20 mmol) of 
7-(4'-tert-butylphenyl)-2,3-dimethyl-1-indene in 40 ml of toluene/5 ml of THF over a period of 20 
minutes. The mixture was stirred for another 10 minutes at 0*C and 1 hour at 80^*0. After cooling 
to room temperature, the red solution was added at 0*C to a solution of 1.29 g (10 mmol) of di- 

35 methyldichlorosilane in 5 ml of toluene. The solution was stirred for another 10 minutes at O^'C 
and then for 2 hours at 75X. The yellow suspension was added to 30 ml of water. The aqueous 
phase was extracted three times with 30 ml each time of toluene. The combined organic phases 
were dried over magnesium sulfate and the solvent was removed under reduced pressure. The 
resulting brown oil (7.4 g) was purified by flash chromatography on silica gel (eluant: dichloro- 

40 methane/heptane 1:9, then 1:4). Dimethylsilanediylbis(2,3-dimethyl-4-(4'-tert-butylphenyl)-1- 
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indene) was obtained in a yield of 3.17 g (5.2 mmol/52%) and a purity of 95% (GC) in the fomri of 
a yellow oil. ^H-NMR (400 MHz. CDCI3): 7.51-6.89 (m, 14H, aromat. H), 3.72, 3.68 (2 x s. 2H), 
2.19, 2.13 (2 X s, 6H, methyl). 1.59 (s. 6H, methyl). 1.38 (s. 18H. tert-butyl), 0.01, 
-0.06. -0.19, -0.31, -0.39 (5 x s, 6H, SIIVIe2)ppm. 

5 

Example 3: Preparation of dimethylsilanediylbis(2.3-dimethyl-4-(4*-tert- 
butylphenyl)indenyl)zirconium dichloride 

1.16 ml (2.9 mmol, 2.5 M in toluene) of n-BuLi were added dropwise at 0*C to a solution of 
10 850 mg (1 .4 mmol) of dimethylsilanediylbis(2,3-dimethyl-4-(4'-tert-butylphenyl)-1-indene) in 5 ml 
of diethyl ether over a period of 5 minutes. The red solution was stirred at room temperature for 
13 hours. 326 mg (1 .4 mmol) of zirconium tetrachloride were then added at O^'C. The mixture was 
stirred for another 2 hours at room temperature. The orange solid which had precipitated was 
isolated by filtration through a G3 frit, washed twice with 5 ml each time of diethyl ether and 
15 2 X 5 ml of tetrahydrofuran. After drying in an oil pump vacuum, the complex was obtained in a 
yield of 

494 mg (0,64 mmol/46%) and a purity of >95% (NMR) in the fonrn of an orange powder. ^H-NMR 
(400 MHz, CDCI3): rac: 7.81-6.69 (m, 14H. aromat. H), 2.00 (s. 6H, methyl). 1.70 (s. 6H. methyl), 
1.36-1.30 (m, 24H, tert-butyl, SiMe2)ppm. 
20 Meso: 7.81-6.72 (m. 14H, aromat. H), 2.05 (s. 6H, methyl). 1.78 (s, 6H. methyl), 1.36-1.30 (m, 
24H, tert-butyl, SiMe2)ppm. 

Example 4: Preparation of dimethylsilanediyl(2.3-dimethyl-4-(4*-tert-butylphenyl)indenyl)(2-methyl- 
4-(4-tert-butylphenyl)indene) 

25 

38.0 ml of n-BuLi (95 mmol, 2.5 M in toluene) were added dropwise at room temperature to 25.0 g 
(90.5 mmol) of 7-(4'-tert-butylphenyl)-2,3-dimethyl-1-indene in 250 ml of toluene/25 ml of THF 
over a period of 20 minutes. The mixture was stirred for another 2 hours at 80**C, during which 
time the Li salt fonnned precipitated. After cooling to room temperature, 32.1 g (90.45 mmol) of 2- 

30 methyl-4-(4-tert-butylphenyl)-1-dimethylchlorosilylindene were added. After stirring for 3 hours at 
60**C, thin layer chromatography no longer detected any starting material. The solution was added 
to 250 ml of water After extraction with 3 x 100 ml of toluene, the combined organic phases were 
dried over magnesium sulfate. The solvent was removed under reduced pressure. Drying in an oil 
pump vacuum gave the product as a yellow, vitreous residue in a yield of 53.9 g (quantitative). ^H- 

35 NMR (400 MHz. CDCI3): 7.54-7.03 (m, 14H, aromat. H), 6.83 (s, 1H, C=C-H), 3.75-3.28, 2.34- 
1.95. 1.56-1.48 (3 X m. 11 H, CH3, benzyl. H), 1,38. 1.37 (2 X s, 18H, tert-butyl), -0,21, -0,23, - 
0.25. -0.28 (4 X s, 6H, SiMe2)ppm. 
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Example 5: Preparation of dimethylsilanediyl(2,3-dimethyl-4-(4'-tert-butylphenyl)indenyl){2-mem^^ 
4-(4'-tert-butylphenyl)indenyl)zirconium dichloride 

72.5 ml (181 mmol. 2.5 M in toluene) of n-BuLi were added dropwise at room temperature to a 
5 solution of 53.9 g (90.5 mmol) of dimethylsiIanediyl(2.3-dimethyM-(4 -tert-butylphenyl)indenyl)(2- 
methyl-4-(4'-tert-butylphenyl)lndene) in 540 ml of diethyl ether over a period of 15 minutes. The 
red solution was stin-ed at room temperature for 12 hours. 22.2 g (95.1 mmol) of zirconium te- 
trachloride were then added at 0**C. The mixture was stirred for another 2 hours at room tempe- 
rature. The orange solid which had precipitated was isolated by filtration through a G3 frit, washed 
10 twice with 100 ml each time of diethyl ether and twice with 200 ml each time of tetrahydrofuran. 
After drying in an oil pump vacuum, the complex was obtained In a yield of 34.8 g 
(46.1 mmol/51%) and a purity of >95% (NMR) In the form of an orange powder. ^H-NMR 
(400 MHz, CDCI3): pseudo-rac: 7.67-6.99 (m. 14H. aromat. H). 6.97 (s, 1H, C=C-H). 2.25, 1.97, 
1.67 (3 X s. 9H. CH3). 1.34 (s. 9H, tert-butyl). 1.33 (s. 6H, SiMez) 1.31 (s. 9H. tert-butyl)ppm. 
15 Pseudo-meso: 7.69-6.87 (m. 14H, aromat. H), 6.76 (s. 1H. C=C-H). 2.31, 2.15, 1.74 (3 X s. 9H. 
CH3). 1.48 (s. 3H. SiMe). 1.34, 1.31 (2 X s. 18H, tert-butyl), 1.22 (s, 3H, SiMe) ppm. 

Example 6: Preparation of dimethylsilanediyl(2,3-dimethyl-4-(4'-tert-butylphenyl)lndenyl)(2- 
isopropyl-4-{4*-tert-butylphenyl)indene) 

20 

7.6 ml of n-BuLi (19.0 mmol, 2,5 M in toluene) were added dropwise at room temperature to 5.0 g 
(18.1 mmol) of 7-(4'-tert-butylphenyl)-2,3-dlmethyl-1-indene In 50 ml of toluene/5 ml of THF over a 
period of 20 minutes. The mixture was stirred for another 2 hours at 80X. during which time the 
Li salt formed precipitated. After cooling to room temperature, 6.93 g (18.1 mmol) of 2-isopropyl-4- 

25 (4 -tert-butylphenyO-l-dimethylchlorosilylindene were added. After stirring for 3 hours at 60X, thin 
layer chromatography no longer detected any starting material. The solution was added to 50 ml 
of water. After extraction with 3 x 50 ml of toluene, the combined organic phases were dried over 
magnesium sulfate. The solvent was removed under reduced pressure. Drying in an oil pump 
vacuum gave the product as a yellow, vitreous residue in a yield of 1 1 .67 g (quantitative). ^H-NMR 

30 (400 MHz, CDCI3): 7.49-7.07 (m, 14H. aromat. H), 6.82 (s, 1H, C=C-H). 3.91-1.45 (m. 9H, CH3, 
benzyl. H. isopropym). 1.37, 1.36 (2 X s. 18H, tert-butyl), 1.27-1.05 (m, 6H. isopropyl-CH3). - 
0.19, -0.25, -0.27. -0.32 (4 X s. 6H, SiMe2) ppm. 

Example 7: Preparation of dimethylsilanediyl(2.3-dimethyl-4-(4'-tert-butylphenyl)indenyl)(2- 
35 jsopropyl-4-(4'-tert-butylphenyl)indenyl)zirconium dichloride 

14.9 ml (37.3 mmol, 2.5 M in toluene) of n-BuLi were added dropwise at room temperature to a 
solution of 11.6 g (18.7 mmol) of dimethylsilanediyl(2,3-dimethyl-4-(4'-tert-butylphenyl)indenyl)(2- 
lsopropyM-(4'-tert-butylphenyl)indene) in 120 ml of diethyl ether over a period of 15 minutes. The 
40 red solution was stirred at room temperature for 12 hours. 4.6 g (19.6 mmol) of zirconium te- 
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trachloride were then added at 0*^0. The mixture was stirred for another 2 hours at room tempe- 
rature. The orange soiid which had precipitated was isolated by fiitration through a G3 frit, washed 
twice with 30 ml each time of diethyl ether and once with 50 ml of tetrahydrofuran. After drying in 
an oil pump vacuum, the complex was obtained in a yield of 5.6 g (7.2 mmol/38%) and a purity of 

5 >95% (NIVIR) in the form of an orange powder. ^H-NMR (400 MHz, CDCI3): pseudo-rac: 7.70-6.84 
(m. 14H, aromat H). 6.78 (s, 1H, C=C-H). 3.04 (q, 1H. isopropyl-CH). 1.99. 1.69 (2 X s, 6H. CH3). 
1.34 (s, 9H. tert-butyl). 1.32 (s, 6H. SMez) 1.31 (s. 9H. tert-butyl). 1.01 (d, 6H. isopropyl-CHa) 
ppm. Pseudo-meso: 7.69-6.88 (m. 14H, aromat. H), 6,75 (s, 1H, C=C-H), 3.33 (q. 1H, isopropyl- 
CH), 2.07, 1.75 (2 X s. 6H, CH3), 1.51 (s. 3H, SIMe). 1.35. 1.30 (2 X s, 18H, tert-butyl), 1.24 (s. 

10 3H, SiMe), 1.15 (d. 6H, isopropyl-CHs) ppm. 

Example 8: 7-(4'-tert-butylphenyl)-1-methyl-2HSopropyl-1-indene 

In a 250 ml three-necked flask, 6.0 g (245 mmol) of magnesium turnings were covered with 10 ml 
15 of diethyl ether, and 1 ml of methyl iodide was then added. As soon as the reaction started, the 
remaining 14,2 ml of methyl iodide (total of 245 mmol) in 50 ml of diethyl ether were added at 
such a rate that the solution boiled gently. After the addition was complete, the mixture was stin-ed 
under reflux for another 30 minutes. A solution of 13.9 g (49 mmol) of 7-(4'-tert-butylphenyl)-2- 
isopropyH-indanone in 60 ml of diethyl ether was then added dropwise at O'C over a period of 30 
20 minutes. The mixture was stin-ed for another 1 hour at 0"C and 1 5 minutes at room temperature 
and ice was then added carefully at room temperature. 108 ml of 6N HCI were then added drop- 
wise at room temperature. After the reaction was complete (TLC monitoring). 100 ml of water and 
100 ml of diethyl ether were added. The phases were separated and the aqueous phase was 
extracted three times with 50 ml each time of diethyl ether. The combined organic phases were 
25 dried over magnesium sulfate and the solvent was removed under reduced pressure. The resul- 
ting red oil (quantitative) was recrystallized from 75 ml of ethanol. 7-(4'-tert-Butylphenyl)-1-methyl- 
2-isopropyl-1-indene was obtained in a yield of 7.6 g {25 mmol/51%) and a purity of 96% (GC). 
^H-NMR (400 MHz, CDCI3): 7.45-7.08 (m. 7H, aromat. H), 3.31 (s, 2H, benzyl. H). 2.99 (q. 1H, 
jsopropyl-C-H), 1.51 (s. 3H, methyl), 1.37 (s. 9H, tert-butyl), 1.12 (d, 6H, isopropyl-CHa) ppm. 

30 

Example 9: Preparation of dimethylsilanediyl(2-isopropyl-3-methyl-4-(4'-tert- 
butylphenyl)indenyl)(2-methyl-4-(4'-tert-butylphenyl)indene) 

10.5 ml of n-BuLi (26.3 mmol, 2.5 M in toluene) were added dropwise at room temperature to 
35 7.6 g (25.0 mmol) of 7-(4 -tert-butylphenyl)-1-methyl-2-isopropyl-1-indene in 80 ml of toluene/8 ml 
of THF over a period of 20 minutes. The mixture was stinred for another 2 hours at 80**C, during 
which time the Li salt formed precipitated. After cooling to room temperature, 8.9 g (25.0 mmol) of 
2-methyM-(4'-tert-butylphenyl)-1-dimethylchlorosilylindene were added. After stining for 3 hours 
at 60X, thin layer chromatography no longer detected any starting material. The solution was 
40 added to 50 ml of water. After extraction with 3 x 50 ml of toluene, the combined organic phases 



wo 03/106470 



37 



PCT/EP03/05592 



were dried over magnesium sulfate. The solvent was removed under reduced pressure. After 
drying in an oil pump vacuum, the product was obtained as a yellow, vitreous residue in a yield of 
15.6 g (quantitative). ^H-NMR (400 MHz. CDCI3): 7.51-7.09 (m. 14H. aromat. H), 6.76 (s. 1 H, 
C=C-H). 3,88-1.47 (m, 9H, CH3. benzyl, H. isopropyl-H). 1.38, 1.35 (2 X s. 18H. tert-butyl), 1.29- 
5 1.04 (m, 6H, isopropyl-CHa). -0.20. -0.25, -0.28. -0.33 (4 X s, 6H. Sil^ez) ppm. 

Example 10: Preparation of dimethylsilanediyl(2-isopropyl-3-methyl-4-(4'-tert- 
butylphenyl)indenyl)(2-methyl-4-(4'-tert-butylphenyl)indenyl)zirconium dichloride 

10 10.5 ml (26.3 mmol. 2.5 M in toluene) of n-BuLi were added dropwise at room temperature to a 
solution of 15.6 g (25.0 mmol) of dimethylsilanediyl(2-isopropyl-3-methyl-4-(4'-tert- 
butylphenyl)indenyl)(2-methyl-4-(4-tert-butylphenyl)indene) In 125 ml of diethyl ether over a pe- 
riod of 15 minutes. The red solution was stirred for 12 hours at room temperature. 5.8 g 
(25.0 mmol) of zirconium tetrachloride were then added at OX. The mixture was stin-ed for 

15 another 2 hours at room temperature. The orange solid which had precipitated was isolated by 
filtration through a G3 frit, washed twice with 30 ml each time of diethyl ether and once with 50 ml 
of tetrahydrofuran. After drying in an oil pump vacuum, the complex was obtained in a yield of 
9.2 g (1 1.7 mmol/47%) and a purity of >95% (NMR) in the fomi of an orange powder. ^H-NMR 
(400 MHz, CDCI3): pseudo-rac: 7.73-6.81 (m, 14H. aromat. H), 6.79 (s, 1H, C=C-H), 3.07 (q, 1H, 

20 isopropyl-CH), 2.01, 1.71 (2 X s, 6H, CH3), 1.35 (s, 9H. tert-butyl), 1.33 (s, 6H, SIMoa) 1.32 (s, 9H. 
tert-butyl), 0.99 (d, 6H, Isopropyl-CHa) ppm. Pseudo-meso: 7.73-6.84 (m, 14H. aromat. H). 6.74 
(s, 1H, C=C-H). 3.35 (q. 1H. isopropyl-CH). 2.09, 1.77 (2 X s, 6H. CH3). 153 (s. 3H, SiMe), 1.35, 
1.31 (2 X s, 18H, tert-butyl). 1,26 (s, 3H, SiMe), 1.16 (d, 6H, isopropyl-CHa) ppm. 

25 Polymerization 





Abbreviations used: 






PP = 


polypropylene 




MC = 


metallocene 


30 


cat = 


supported catalyst system 




h = 


hour 




standard dm^ = 


standard liters 




rpm = 


revolutions per minute 




VN = 


viscosity number in cm^/g 


35 


Mw = 


weight average molar mass in g/mol 




MJMn = 


molar mass distribution, determined by gel permeation chromatography 






bulk density in g/dm^ 




m.p. = 


melting point in X, determined by differential scanning cialorimetry (DSC) 
at a heating and cooling rate of lO^'C/min. 


40 


TT 


triad tacticity in percent determined by ^^C-NMR spectroscopy 
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Rl = reverse insertions in %, determined by "C-NMR spectroscopy 

Example 11: 

5 Preparation of the supported catalyst system: 

75.5 mg (0.10 mmol) of dimethylsilanediyl(2.3-dlmethyl-4-(4-tert-butylphenyl)indenyl)(2-methyl-4- 
(4'-tert-butylplienyl)indenyl)zirconium dichloride were dissolved at room temperature in 4.3 cm^ 
(20 mmol of A!) of 30% strength methylaluminoxane solution in toluene (Albemarle Corporation, 

10 Baton Rouge. Louisiana, USA). The solution was diluted with 3.7 cm^ of toluene and stirred for 1 
hour at 25''C while being protected from light. This solution was added a little at a time while stir- 
ring to 4.0 g of Si02 (grade MS 948, W.R. Grace, Davison Chemical Division, Baltimore, Mary- 
land, USA, pore volume =1.6 ml/g, calcined at 600**C) and the mixture was stirred for another 10 
minutes after the addition was complete. The ratio of volume of solution to total pore volume of 

15 the support material was 1 .25. The mixture was subsequently dried for 4 hours at 40^*0 and 10" 
^ mbar. 5.5 g of a free-flowing powder were obtained. 

Polymerization: 

20 A dry 16 dm^ reactor which had been flushed firstly with nitrogen and subsequently with propylene 
was charged with 10 dm^ of liquid propylene. 8 cm^ of 20% strength triethylaluminum solution in 
Varsol (Witco) were added as scavenger and the mixture was stirred at SO^'C for 15 minutes. A 
suspension of 2 g of the supported metallocene catalyst in 20 cm^ of Exxsol was subsequently 
introduced into the reactor, the reaction mixture was heated to the polymerization temperature of 

25 70''C and the polymerization system was held at 70''C for 1 hour. The polymerization was stopped 
by venting and the polymer obtained was dried under reduced pressure. This gave 2.9 kg of poly- 
propylene powder. 

The catalyst activity was 105 kg of PP/(g of MC x h) or 1 .5 kg of PP/(g of cat x h). 
The isotactic polypropylene prepared had the following properties: m.p. = 148''C, = 
30 2.6x10® g/mol. MJM^ = 5,0. 

Example 12: 

Preparation of the supported catalyst system: 

35 

78.3 mg (0.10 mmol) of dimethylsilanediyl(2,3-dimethyl-4-(4-tert-butylphenyl)indenyl)(2-isopropyl- 
4-(4 -tert-butylphenyl)indenyl)zirconium dichloride (example 10) were dissolved at room tempera- 
ture In 4.3 cm^ (20 mmol of Al) of 30% strength methylaluminoxane solution in toluene (Albemarie 
Corporation, Baton Rouge, Louisiana, USA). The solution was diluted with 3.7 cm^ of toluene and 
40 stirred for 1 hour at 25''C while being protected from light. This solution was added a little at a 
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time while stirring to 4.0 g of SiOz (grade MS 948. W.R. Grace, Davison Chemical Division, Balti- 
more, Maryland, USA. pore volume =1.6 ml/g. calcined at 600*C) and the mixture was stirred for 
another 10 minutes after the addition was complete. The ratio of volume of solution to total pore 
volume of the support materia! was 1 .25. The mixture was subsequently dried for 4 hours at 40**C 
5 and 10*^ mbar. 5.5 g of a free-flowing powder were obtained. 

Polymerization: 

A dry 16 dm^ reactor which had been flushed firstly with nitrogen and subsequently with propylene 
10 was charged with 10 dm^ of liquid propylene. 8 cm^ of 20% strength triethylaluminum solution in 
Varsol (Witco) were added as scavenger and the mixture was stinted at SO^'C for IS minutes. A 
suspension of 2 g of the supported metaltocene catalyst in 20 cm^ of Exxsol was subsequentiy 
introduced into the reactor, the reaction mixture was heated to the polymerization temperature of 
70°C and the polymerization system was held at 70X for 1 hour. The polymerization was stopped 
15 by venting and the polymer obtained was dried under reduced pressure. This gave 2.4 kg of poly- 
propylene powder. 

The catalyst activity was 77 kg of PP/(g of MC x h) or 1.2 kg of PP/(g of cat x h). 
The isotactic polypropylene prepared had tiie following properties: m.p. = 144**C. Mw = 
3.7x10® g/mol,MvyMn = 7. 

20 

Example 13: 

Preparation of the supported catalyst system: 

25 78.3 mg (0. 1 0 mmol) of dimethylsilanediyl(2-isopropyl-3-methyM-(4'-tert-butylphenyl)indenyl)(2- 
methyl-4-(4 -tert-butylphenyl)indenyl)zirconium dichloride (example 13) were dissolved at room 
temperature in 4.3 cm' (20 mmol of Al) of 30% strength mettiylaluminoxane solution in toluene 
(Albemarie Corporation, Baton Rouge, Louisiana, USA). The solution was diluted with 3.7 cm' of 
toluene and stinred for 1 hour at 25''C while being protected from light. This solution was added a 

30 little at a time while stirring to 4.0 g of SiOa (grade MS 948, W.R. Grace. Davison Chemical Divisi- 
on, Baltimore. Maryland. USA. pore volume = 1.6 ml/g, calcined at 600**C) and the mixture was 
stirred for another 10 minutes after the addition was complete. The ratio of volume of solution to 
total pore volume of the support material was 1 .25. The mixture was subsequently dried for 4 
hours at 40**C and 10"^ mbar. 5.5 g of a free-flowing powder were obtained. 

35 

Polymerization: 

A dry 16 dm^ reactor which had been flushed firstiy with nitrogen and subsequently with propylene 
was charged with 10 dm^ of liquid propylene. 8 cm^ of 20% strengtii triettiylaluminum solution in 
40 Varsol (Witco) were added as scavenger and the mixture was stirred at 30X for 15 minutes. A 
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suspension of 2 g of the supported metallocene catalyst in 20 cm^ of Exxsol was subsequently 
introduced into the reactor, the reaction mixture was heated to the polymerization temperature of 
70°C and the polymerization system was held at lO'^C for 1 hour. The polymerization was stopped 
by venting and the polymer obtained was dried under reduced pressure. This gave 3.4 kg of poly- 
5 propylene powder. 

The catalyst activity was 108 kg of PP/{g of MC x h) or1 .7 kg of PP/(g of cat x h). The isotactic 
polypropylene prepared had the following properties: m.p. = 146**C, Mw = 4.0x10® g/mol, MJMn = 
8. 

10 Example 14: 

Copolymerization using the catalyst system of Example 1 1 : 

A dry 5 dm^ reactor which had been flushed firstly with nitrogen and subsequently with propylene 
15 was charged with 3 dm^ of liquid propylene. 8 cm^ of 20% strength triethylaluminum solution in 
Varsol (Witco) were added as scavenger, the reactor was subsequently pressurized with 10 bar of 
ethylene and the mixture was stirred at SOX for 15 minutes. A suspension of 1 g of the supported 
metallocene catalyst in 20 cm^ of Exxsol was subsequently introduced into the reactor, the reac- 
tion mixture was heated to the polymerization temperature of TO^'C and the polymerization system 
20 was held at 70"C for 1 hour. The polymerization was stopped by venting and the polymer ob- 
tained was dried under reduced pressure. This gave 2.1 kg of ethylene-propylene copolymer 
powder. 

The catalyst activity was 1 1 1 kg of PP-PE copolymer/(g of MC x h) or 2.1 kg of PP-PE/(g of cat x 
h). The copolymer had the following properties: Mw = 0.57 x 10® g/mol. tAJMn = 3.6, Mw (copo)/Mw 
25 (homo) = 0.48, C2 content: 16.7% by weight 

Comparative example: 

A catalyst system was prepared using dimethylsilanediylbis(2-methyl-4-phenylindenyl)zirconium 
30 dichloride in a procedure analogous to example 1 1 and a copolymerization was carried out using 
a method analogous to example 14. This gave 1.9 kg of ethylene-propylene copolymer powder. 
The catalyst activity was 1 30 kg of PP-PE copolymer/(g of MC x h) or 1 .9 kg of PP-PE/(g of cat x 
h). The copolymer had the following properties: Mw = 1.39 x 10® g/mol, MJMn = 2.7, Mw {copo)/Mw 
(homo) = 0.26, C2 content: 6.5% by weight. 

35 



40 



